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PREFACE 
The concept of developing a taxonomic survey and sampling the non-
vascular flora of the Upper Blue Ri.ver System grew out of an intense 
foterest in teaching Phycology at East -Central State College. Field 
trips into the survey area provided an added stimulus, and encouragement 
from students and colleagues prompted a serious consideration of the 
project, its development and value in contributing basic knowledge. 
The objectives of the present stuc;ly were to (1) make a thorough 
analysis of the non-vascular flora of the Upper Blue River System; (2) 
investigate the physico-chemical conditions of the ecology and distribu-
tion of·the non-vascular aquatics; .(3) note any relationships between 
the d_istribution of species and the habitats in which they were collect-
ed. A major portion of the study was conducted during the summer of 
1965 through the summer or 1969. Sampling was initiated again in the 
surnmer of 1972 and_ terminated in the fall of 1973. 
My sincere appreci,ation goes to Dr. Kenneth Wiggins .for his per-
sonal assistance, his patience and his inspiration throughout this 
study. 
The author is grateful for council and technical assistance 
provided by Dr. John Thomas, Dr. L. Herbert Bruneau, and Dr. Thomas D. 
Johns ten. 
Further appreciation is expressed to Dr. Arthur Carroll, Oklahoma 
State Univi:irsity; Dr. James M. Cooper, Cameron State College; and 
i; i 
Dr. William F. Mahler, Southern Methodi.st University; for verification 
of species appearing in this study. 
Finally, the author wishes to express thanks to his wife, Bettye, 
and our children. Their understanding and support made this endeavor 
possible. 
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CHAPTER I 
INTRODUCTION 
A taxonomic survey of non-vascula_r aquatic plants,,is essential to 
the knowledge of aquatic community structure. Periphyton, attached 
algae, are the most important ·primary producers in- small, flowing 
streams .. Periphyton have been analyzed in terms of standing crop (Blum,·· 
1956), species composition (Round; 1964), product.ivity and species diver-
sity (Wetzel, 1969; Kevern, Wilhm, and Van Dyne, 1966; Cooper, 1972). 
The most widely used method for conecting periphyton samples that 
are suitable for stream use has b,een to place artificial s~bstrata in a 
stream for an extended period of time .. Ca_stenholz (1961) submerged 
glass ·plates for two to four.weeks at various dep~hs. This technique 
provides a measure for organism accumulation resulting from init.ial 
colonization to the production of well established mats. The develop-
ment of a more sophisticated periphyton sampler (Patrick, Hohn, and 
Wallace, 1954) called_ the Catherwood Diatometer made sampling quicker, 
more economical and less labori_ous. Hohn (1956) describes the diatometer 
as a continuous record method for indicating water quality. The diato-
meter, styrofoam floats, and subme_rged glass plate~ have been used in 
var:-ious stuc;lies on stream algae (Mohn, 1956; Hohn and Hellerman, 1963; 
Weber, 1966; and Weber and Rasc~ke, 1966). 
A review of the literature ~as failed to locate any published re-
ports,op species determination on the non-vascular flora of Blue River 
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in Central Oklahoma. Hornuff (1957) included the Blue River in a survey 
of four Oklahoma streams with reference to production. Benthos was 
selecte.d as an index of productivity, since the.se animals are considered 
to be near the center of the . food chafo and both prey upon p 1 ankton and 
are preyed upon by higher animals. Hornuff lists only the major forms 
of aquatic vegetation for the two study areas selected on the. Blue River. 
Oxygen ba 1 ance and productivity we.re the primary objectives .of a study 
by Duffer (1965). This study compared physico-chemical conditions and 
comm~nity meta.bolism in stream reaches of diffe.ring geological forma-
t.i ans. Ch 1 orophyll a concentrations and oxygen exchange rates were 
; ,- ' 
determi n.ed and compared as a measurement of productivity. Eight genera 
of t.he pri ncipa 1 primary producers and. chlorophyll bearers were 1 isted 
from. this st.ream. 
Early surveys of algae within the state were undertaken in 1929 by 
C. E. Tc;1,ft; His early work was 1 imi ted to specific groups and resuHed 
in a series of published reports concerning these groups, i.e., the 
Desmids (1931, 1934, 1937); the Zygnemataceae (1937b); the Oedogoniacea 
(1935); and Vaucheria {1937b). Some additions to the algal flora of 
Oklahoma were reported by Taft in 1940. 
Twenty-si~ new sp.ecies and varieties were describe.d from Oklahoma 
specimens by Transeau and Taft, 1934. 
Mal.one (1944) studied. the algae of the pond-s~ream sysi;em flowing 
through the campus of Catholic College, Guthrie, Oklahoma, and added 105 
species and varieties to the known flora of Oklah.oma. The Cyanophyceae, 
Chlorophyceae, and Euglenophyceae are represented by 36 species and the 
remaining 69 spe.cies \'.'/~re di.atoms. All of her collections were from 
Logal'l County. 
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Crystal Lake, a 24 acre impoundment in Cleveland County, was s4udied 
by Leake (1945). Her taxonomic list included 118 species and varieties 
reportedly not previously known from the state. 
A report on t.he ge.nus Chara in Oklahoma by Qphel (1952) listed eight 
species and varieties occurring in the state .. 
Vinyard (1958) presented a compendium of t~e algal flora of Oklahomc;1. 
exclusive of the diatoms. This report ·is based on his collections plus 
those of previous investigations. Vinyard does not list any specific 
collections fr9m the Bl.ue River. Cooper (1965) adds 3 species .to the 
list of algal flora of Oklaho~a and with his additions to that of 
Vinyard, lists the number of algae known from the state as 846 species. 
The primary objecti\ve of this study is to survey the Upper Blue 
River wc;1.te.rshed and to study th~ species composition of the reaches com-
prised in 116 kilometers. 
CHAPTER II 
DESCRIPTION QF STUDY AREA 
General Description 
The Blue River, a tributary of the Red Rive~, is located in 
Pont,otoc, Johnson and Bryan Counties in southeastern Oklahoma. The 
length of the channel approaches 225 km and the area of the drainage 
basin is approximately 2,000 square km. The gradient averages 1.1 m/km 
and ranges from 9.5 m/km in the headwaters to 0.4 m/km near the mouth. 
The average annual precipitation is 96.7 cm, with an average spring 
high of 13.3 cm and an average winter low of 5.3 cm (Hornuff, 1957). 
Blue River originates as a small tributary stream in a tall grass 
prairie area near Roff, Pontotoc County, Oklahoma, where the residents. 
refer to it as West Blue Creek. Numerous springs erupt into the stream 
as it flows southeastward and bec.omes a fifth order stream 7 km north-
west of Connerville (Horton, 1965). A third order stream, East Blue 
Creek, joins West Blue Creek 3 km southeast of Connerville, a distance 
of 96 km from the origin of the stream. I.n this distance the elevation 
drops from 437 to 183 m. Blue River continues as a fifth order stream 
for 128 km to its confluence with the Red River at an elevation of.137 
m. 
Duffer (1965) describes a form factor of 0. 12 and a compactness 
coefficient of 1.98. The form factor is the ratio of the average width 
to the axial length of the basin. The compactness coefficient is the 
4 
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ratio of basi.n perimeter to th.e circumference of a circle whose area is 
equal to that of the basin (Reid, 1961}. Both of these vc1,lues give some 
indication of the tendency toward flooding. A basin with a low form 
factor val1.,1e or a high compactness coefficient value is less likely to 
receive intense rainfall simultaneously over its entire area than a 
basin of equal area having a high form factor value or a low compactness 
coefficient \,(alue. 
Minor floods occur in the Blue River drainage basin about every 
four years, while they occur every other year in the more circular 
drainage. basins. The Blue River drainage ~asin traverses tall grass 
prairi.e and post oak-black jack plant ass,ociations. The si;ream is 
located in the sout~ central Oak-Hickory Savannah physi.ographic region 
as .described by Bruner ( 1931). Primary 1 and uses are cultivation and 
pasture .. · 
Geological Structure Related t.o Study Area. 
The study area contains fol.Ir geological formations outcropping 
. . . 
primarily as limestone, granite and sand (Figure 1). The. Arbuckles, a 
rock formation of.Cambrian and Ordovician age,. consists of limestones, 
dolomites, and some sandstones having an aggregate thickness of 1.980 m 
in some places. The limestones and sandstones in the upper part of the 
group are among the most productive aquifers in t.he state. The portfon · 
of the Blue River flowing through this formation contains numerous 
springs and the stream bottom contains erod.ed 1 imestone boulders of 
various size.s. The soi.ls from limestone and calcareous shales are dark 
cqlored., fine textured, slowly permeable and very productive. 
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Figure 1. Map of Upper Blue River 
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The Simpson group, of Ordovician age, overlies the Arbuckle groups 
in a portion qf the stream basin. This group has an average thickness 
of 460 m and consists of limestones, sandstones-and shales. The stream 
bed. in this area also contains eroded limestone. Limestones and sand-
stor:ies of.this. form.a1;ion contain many springs that flow i_nto the stream. 
Tishomingo gra.ni te and other igneous rocks ,crop out in the lower 
part of t.he Arbuckles as an igneous basement rock.. It is a pinkish 
granite. coarse-grained and consists of microline, plagi-0clase, quartz 
and biolite. Soils in the granitic c1.rea are light colored and medium 
to coarse textured. The d.eep granitic so,ils have heavy clay subsoils 
whi,ch are slowly or very slowly permeable. The.se soils are moderately 
productive (ij.S~Q.A., 1961). 
The Paluxy sand Qelongs-to the Trinity group of Cretaceous forma-
ti,qns. In southern Oklahoma thi.s formati.on consists of 120-215 m of 
conglomerate, fine sand, and clay. This formation slants toward the 
Gulf of Mexico at a slope of.about 13 m/km. The Paluxy sand is overlain 
QY Goodland limestone, a nearly pure li.mestone formation 6 to 9 min 
t_hickness. Water enters the sand formation in its outcrop and perco-
lates down the slope. Artesfon pressure is created since the water is 
confined by t~e overlyi,ng 1 ime.ston.e. The soi 1 s of the Pal uxy sand area 
are 1ig.ht colore.d, medium to cqarse textured and permeable. They are 
moderate.l.y productive. Soils developed from Goodland limestone and the 
Washita group are very dark, fine textured and slowly permeable. A 
high percentage of t~ese soils are used for cultivated crops, and when 
properly manage9, are very productive. 
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Descriptions of Sampling Stations 
Six sampling stations were selected for study on the Upper Blue 
River watershed. area. The length of the river encompassed by the. study 
is 48 km, beginning about 80 km from the source (Figure 1). The area 
selected was characterized by conth1Uous flow as contrasted to the inter-
mittent fl ow of the headwaters, and it did not receive muni ci pa 1 sewage 
effluents as was characteristic farther downstream. 
Station 1 on West Blue Creek is characterized by an average width 
of 18.5 m and depth of 0.4 m. Discharge increases in this area because 
of accrual from the many springs of the li.mestone formation. The 
channel bed is composed of eroded 1 imestone frequently forming surface 
waterfalls and natural dam-like scarps .. Station 2 on East Blue Creek 
has an average width of 16.0 m and a depth of 0.31 m. Discharge in this 
area was·not as great as station 1 due to the more level topography and 
reduction of springs. Station 3 on Blue River was selected below the 
confluence of East and West Blue Creeks and is characterized by an 
average width of 18.7 m and an average depth of 0.31 m. Eroded lime-
stone, sand and riffles characterized the channel bed. The channel bed 
in station 4 is composed of a series of exposed granite scarps separated 
by deeper pools where sediment has been deposited. · Riffles and low 
falls are characteristic of the exposed granite areas.· This formation 
has an average stream width of 17.0 m and depth of 0.52 m. Station 5 
is also in a granite outcrop. The confluence of Sandy Creek enters the 
Blue River and a width of 17.1 m and average depth of 0.41 m form the 
channel. The stream bed is composed of smaller stones and sand. 
Approximately 4 km above this station the Oklahoma Department of 
9 
Wildlife Conservation purchased land for public rec;:reation and now main-
tains about 5 km of the Blue River. Station 6 is in the fringe of the 
granitic outcrop and Paluxy sand. Discharge decreases as a result of 
seepage into the Paluxy sand formation. The decrease in discharge, 
associated with seepage, was accompanied by a decrease in channel. An 
average width of 10.8 m and a depth of 0.27 m was characteristic of 
this station. 
CHAPTER I II 
METHODS 
Sampling Times 
This study was base.don collections .made in two separate segments. 
The major.portion of the collections were made from August 1965 through 
July of 1969. Sampling was initiated again in June of 1972 and termin-
ated in September of 1973. 
Initially, weekly visits t,o t.he study areas were made to collect 
samples and data. Following the summer of 1965, samples and data were 
collected bimonthly. 
Physico-Chemical 
Measurements of temperature, pH, alkalinity, conductivity, and 
turbidity were made at each station during each sampling tirne. Water 
temperature was determi.ned with a mercury centigrade thermometer. 
Hydrogen-ion concentration, expressed as pH, was measured with a Hellige 
Comparator. Conductivity was determined with an Industrial Instruments 
Conductivity. Bridge during early phases of the study and later measure-
ments were determined in the field by a Beckman EV6 Environmeter. 
Turbidity samples were col.lected and returned to the laboratory where 
measurements were d.etermined by a Hellige turbidimeter. Samples were 
collected periodically for alkalinity determination, phenolphthalein and 
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methyl orange alkalinity were measured by titration with 0.02N sulfuric 
acid (A.P.H.A., 1960). 
Biological 
Extensive hand collections were obtained from the available natural 
habitats within each sampling area. Sarnpl,es were scraped from benthic 
mate.rials, boulders and sunken 1 ogs. At.tached peri phyton were squeezed 
from plumes of Myriophyllum when abundant in the habitat. Dense mats of 
algae were seasonally abundant in pool areas and near shorelines. 
Samples were easily removed and preserved for future study. Thick 
clusters of bryophytes and aquatic mosses were collected from the falls 
areas near stations 1, 2 and 3. Dense mats of vegetation in these areas 
provide a continual release of pseudoplankton. Plankton samples were 
collected at each station by pouring liter samples through a standard 
40 mesh nylon plankton net. The samples were then removed. from the net 
and preserved in a suitable preservative. Specimens collected from the 
fiel~ were separated and placed in receptacles with enough water to 
cover them and transported to the laboratory. Fresh materials were 
examined microscopically for sexual and asexual reproductive structures 
whi.ch would permit species determinations. Duplicate samples were pre-
served in a preservative equal to the volume of the specimens. This 
preservative is composed of six parts water, three parts 95% alcohol, 
and one part commercial. formalin. Five cc of glycerin is added to each 
100 cc of the preservative producing a medium which protects the speci~ 
men against total loss should the preservati.ve evaporate (Prescott, 
1954). 
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In addition to the pres~rved materials, semi-permanent sli.des were 
made for selected specimens. These slide.s were prepared using glycerin 
gelly as a mounting medi.um and sealed with canada balsam. 
The di a.tom c.ollections .from ttte sampling st.ations were sec.ured from 
both artificially introduc.ed and natural substrates ._in the stream. The 
diatometer, artificial substrate, used in this .study is an instrument 
constructed chiefly of plexiglass. Diat_ometers ~ave been employed suc-
cessfully as ,samplers by Patrick 0954); Patrick, Hohn and Wallace (1954); 
Hoh.n and Hellerman (1963); and Weber ·(1966}. 
The diatometer c;onsists of a -styrofoam float approximately 12 x 16 
x 2 inches, supporting a central plexiglass cradle holding 1 x 3 inch 
glass ·microscope slides. The sl_ides are placed with the long axis 
parallel to th_e length of the diatometer. The slides tenq to collect 
periphyton mats more readily in this position and not.so much silt. 
Dia.tometers were constructed and pl aced at each sampling s~ation. Each 
di atometer was 1 oaded with s 1 i. des and firmly anchored to a forty-two 
pound concrete block sunken near the center of the stream. The diato-
meters are held in the stream current by the addit.ion of a small 
V-shaped shield fastened to the bow. This attachment allows the diato-
meter to behave like a small child's toy boat wi.th the bow cont_inually 
point_ed upstream.-
Slides v-.iere removed· from the samp 1 er after exposures of one week; 
later exposures of two weeks were found to be sufficient.• The peri-phy-
ton. was removed by scr.api.ng the s 1 ides with a razor Q 1 ade. The 
collection from each slide was placed in a vial, labeled, and preserved 
b,y.actdition of preservative. 
13 
Laboratory Preparations 
To make a detailed evaluation of diatom species, the diatom must 
be 11 cleaned 11 • A te_chnique employed by Hohn and Hellerman (1963) is 
satisfactory for this treatment. - All organic material is removed from 
the samples and only the frustules of the diatoms and other siliceous 
materials remain. To 11 cl.ean 11 the diatoms, scraped material is allowed 
to settle and preservative decanted. Fifty mi 11 imeters of concentrated 
nitric acid and 0.5 g of potassium dichromate were added to a beaker 
with the scrapings and the mixture boiled gently under a hood for 20 
minutes .. The 11 cleanedu material was allowed to cool and settle. The 
nitric acid-potassium dichromat~ mixture was then decanted and distilled 
water added until the mixture tested neutral with litmus paper. Acid 
free materials ar~ stored in vials for an extended period of time -if 
necessary. This treatment does not change the markings on the siliceous 
ce 11 wa 11 s and 1 eaves the two valves, as we 11 as a group of ce 11 s, 
attached to one another. 
Microscope slides were prepared by a modification of methods em-
p 1 oyed. by Hohn and He 11 erman ( 1963) ; Wi 11 i ams ( 1964) ; and Weber ( 1966). 
The vial containing the- desired sample was thoroughly shaken and a 1 cc 
aliquot of the materi_al wi_thdrawn with a pipette. The 1 cc aliquot was 
th.en placed on a No" 1, 18 nm square coverslip and allowed to dry on a 
slide warmer tray at a very low, uniform heat, Once moisture had been 
eliminated from the sample Hyrax mounting medi.um wi.th a refractive index 
of 1.65 was placed on the coverslip inverted onto a cleaned microscope 
slide. The mount was allowed to dry and the slide permanently labeled. 
The process was repeated for each sample for each collection. 
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The determination of the various taxa were carried out by the use 
of available monographic treatments whenever possible. Handbooks and 
manuals concerning the algae were used for taxa on which monographs were 
not available. 
CHAPTER IV 
RESULTS Ar-{D DISCUSSION 
Physico-Chemical Conditions 
The recorded range of temperature exhibited consi.derable seasonal 
fl~ctuation with a maximum of 31°C i~ Jul,y and a minimum of 7°C in 
February (Table I). 
TABLE I 
TEMPERATURE RANGE. AT SAMPUNG STATIONS ( °C) 
Season* 1 2 
Spring 12-21 9-18 
Summer 20-23 25-27 
Fall 16-19 16-24 
Winter 10-14 7-11 
*Spring: March-M~y· 
June-August 
September-November 
December-February 
Summer: 
Fall: 
Winter: 
Stations 
3 4 5 
8-23 8-23 10-24 
26-29 27-29 27-29 
17-24 17-24 17-27 
7-12 7-12 7-12 
6 
10-26 
28-31 
17-29 
8-11 
The widest range of tei:nperature values were recorded in the spring 
when temperature ranges .of 10°C-26°C were recorded for station 6. There 
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is less seasonal spread in temperature at each station and the stream 
becomes progressively warmer,from station 1 through station 6. Lower 
temperatures were recorded for all stations during the winter. The 
headwaters of this stream system are relatively cool in the summertime 
due to the influence of many springs. Warming by the air, the sun and 
conduction from the ground is relatively slow. This warming continues 
downstream at an increasing rc).te until the ambi,ent temperature is 
attained and the water then flows on influenced mainly by the weather 
and the daily cycle. 
In the winter the reverse may apply in spring-fed streams which 
start relatively warm and become cooler. Minckley (1963) found tempera-
tures of Doe Run, a spring stream in Meade County, Kentucky, gradually 
became warmer downstream in the summer, while the temperature at the 
source remained warmer during -the winter. This emphasizes the biologic-
ally important fact that a stream which is cool in the summer because 
it is spring-fed is warmer in the winter than streams fed by run-off. 
Organisms capable of inhabiting the headwaters are influenced to a 
rather uniform type community due to the minor fluctuations iD tempera-
tures. Greater temperature fluctuations downstream may influence other 
types of communities with greater temperature to 1 erances. 
No collections were made or physical a_nd chemical measurements re-
corded while ice cover or flooding was present. 
Differences in turbidity range among the stations were more varied 
as one progressed downstream during the summer. Stations 5 and 6 
exhibit a range of 10-19 ppm and 12-19 ppm during the summer (Table II). 
The stream channel at stations 5 and 6 is largely composed of a coarse 
sandy strata covered with a fine textured sand. During the spring and 
17 
early summer, rains increase the stream flow and the eroding sand bars 
increase turbidity. 
Season 1 
Spring 4-5 
Summer 5-6 
Fall 4-4 
Winter 4-4 
TABLE II 
TURBlDITY RANGE (PPM PER LITER) AT 
SAMPLING STATIONS 
Stati.ons 
2 3 4 
4-5 4-6 4-7 
5 
5-9 
5-"8 5-8 7-14 10-19 
4-4 4-6 4-6 4-9 
4-4 4-4 4-5 4-6 
6 
5-9 
12-19 
4-9 
4-6 
Specific conductance and alkalinity measurements were recorded for 
each of the stations -(Table III). 
SpecHic conductance and bicarbonate alkalini.ty decrec).sed down-
stream while total carbonate increased downstream. Duffer (1965) 
reported this physico-chemical condition in the Blue River and attri-
butes the decrease in conductivity to bi carbonate con'(ersi on to 
monocarbonate. 
Hynes (1970) and Reid (1961) discuss the delicate role of chemical 
buffering systems of streams. Calcium carbonate, which is a common 
constituent of many rocks, is almost insoluable in water, but it dis-
solves fafrly readily, as bi.carbonate, in carbonic acid, and it· 
neutrq.l i_zes the soi 1 water where it occurs. Calcium bi carbonate in 
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solution is a good buffer-system and thus resists changes in pH, but it 
remains i,n so,lution only in the presence of a cert~in amount of free 
carbon dioxide, t~e so-called equilibrium co2. Therefore, any process 
which removes carbon dioxide, photosynthesis or loss to the air, tends .. 
to cause precipitati,on of cakium carbonate from solution, especially 
where bicarbonate is abundant~ 
Spring water in lime.stone regions is often rich in calc;:ium bicar-
bonate where H emerges to the s1,.1rface~ As it flows along it looses 
carbon dioxide and after some distance thi.s loss becomes loss of 
equilibrium c;o2 and deposition of calci.urn carbonate occurs. In the 
Blue River sys~em bicarbonate is relatively ~igh at stations l and 2 
(Tab,le III). The presence of numerous .springs at these stations provide 
eqyiliQrium co2 and pen:nit, maintenance of constant quantities of bicar-
bonate in solution. 
Stat_ions 
1 
2 
3 
4 
5 
6 
TABLE III 
CONDUCTANCE AND ALKALINITY RANGE 
Speci fie;: 
Conductance 
M.i cromhos/cm Hco3 
525-530 300-313 
525-530 · 310-313 
485-525 287-290 
385-400 245-265 
385-395 244-250 
385-395 244-246 
Alkalinity 
co3 
6-8 
7-8 
10-12 
25-29 
24-27 
24-25 
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Hynes (1970) and Hutchinson (1957) indicat~ many phanerograms of· 
hard water are capable of c:lirect use of bicarbonate ions. Large popula-. 
tions of aquatic mosses and liverworts are represented in the floral 
composition of stc1-tions l and 2 and an abund.ance ·Of mosses are found at 
station 3. Perhaps tne biologi~al processes acting to influenGe 
chemi.cal shifts in the water in these reaches are in part responsible 
for an increased carbonate alkalinity downstream. Nee.l (1951) studied 
the physical anc:l chemical features of ·headwaters of limes~one streams in 
Clark County, Kentucky. This study indicc1-ted ihe periphyton of.riffles 
to depend upon bi carbonate as their chi.ef source .of co2, frequently 
removing ·large quaniiti_es and altering the pH as welL 
Tne pH ranges among the sampling stations on th~ -Blue River were 
consis 4ently alkal.ine~ -. A lower range of 7,4-7.9 was recorded for sia-
tion l where n1.1merous .springs flow from the limestone outcropping. A 
h'gher pH range of 8.3-8.6 was recorded downstream at station 6 which 
exhibits an intermittent stream flow in a sandy outcropping (Table IV). 
This increase- in pH is related to the bicarbonate-carbonate shift.· 
TABLE IV 
pH RANG~ AT SAMPLlNG STATIONS 
Stations 
Season l 2 3 4 5 6 
Spring 7 •. 4-7. 6 7.8-8.0 7.9-8 .. 0 8.2-8.3 8.3-8.3 8.3-8.4 
Summer· 7.6-7.8 7i6-7 . .7 7 .7-'8.0 8.0-8.4 8.2-8. 4 · 8.2-8.6 
Fall 7 .4-7. 9 7.8-8.0 7.8-7.9 8.2-8.4 8.1-8.4 8.2-8.4 
Wi,nter - 7.4-7.7 8.0-8.l 7.7-8.0 8.3-8.3 8.3-8.4 8.3-8.4 
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Duffer (196S) discusses the physical properties associated with 
calcium carbonate solubility. Due. to the low solubility product of 
calcium carbonate, 0.48 x 10-8 , thi.s subs~ance generally preci.pitates 
from a calcareous water when t.he. pH is raised bE,!yon<;I 8.3 to permit exis-
tence of appreciable carbonate ions (Hutchinson; 1957). However, 
metasta.ble condi.ti.ons may exis.t where there is apparent supersaturation 
with calc.ium carbonate. S,te.idtrn.ann (1.935) ~as suggested that colloid.al . 
ca lei.um salts a<;:counted for the apparent supersaturation of a travertine-
deposi.tion water. The downstream increase in carbonate al ~al ini ty may 
be attriQuted to excess calcium Cc!.rbonci.te in a relatively stable 
colloid.al form. The bicarbonate to monocarbonate shift produces a pH 
shift toward an i.ncreased alkalinity. 
Community Structure of Non.-Vascul ar Aquatics 
A t,atal of -50 taxa were coll.ected from sampling stations (Table V). 
Th~ Baci 11 ari ophyceae accounted for 20 taxa, Myxophyceae 4, Des'1!i daceae 
4; and Cladophoraceae 3. - The composition of representative fc1-milies. 
compare favorably with other studi.es. Maloney (1944) reported finding 
29 genera of the Bacillariophyceae in a study on the seasonal al.gal 
flora on the pond-s t,ream sys tern fl, owing th rough the campus of Catha l i c 
College; Guthrie~ Oklahoma. Whi~ford and ~cnurnacher (1963), s·tudying 
communities of.algae in North Carolina streams, found the Bacillari-
ophyceae. to be important in '1!0S t conmun i ti. es -with Ch l orophyceae second 
in importance. 
Station l .is characterized by a channel bed of eroded li.mestone 
frequently surfacing to form waterfalls and natural dam-like scarps. 
21 
Pools are in evidence below the dams and where formations form pockets. 
Numerous springs provide a source of continuous ·flow.-
TABLE V 
TABULAR VIEW OF FAMILlES 
Species, 
Varieties · 
Family Genera and Forms 
Chlamydomona~eae l l 
Volvocaceae 2 2 
Tetrasporaceae l l 
Chaetophoraceae 2 2 
Oedogonic;1.ceae l l 
Cladophoraceae 3 3 
Hydrod,ictyaceae l 1 
Scenedesn:iaceae l l 
Zygenmataceae l 2 
Desmi d,aceae 4 4 
Characeae l l 
Ceratiaceae l l 
Vaucheriacea~ 1 l 
Baci 11 ari ophyceae 15 20 
Eugl~nophyceae 1 l 
My~ophyc~ae 4 4 
Rhodophyceae l l 
Rkciaceae l l 
Hypnaceae 1 l 
Fissidentaceae l 1 
Tot.al s 44 50 
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Diplonese smithii var. pumila (Grun.} Hust~ was collected from all 
sampling stations and. appears as a dominant. in samples throughout the 
study period. This speci.es occurred abundantly in the samples of sta-
tions 1, 2 and. 3. The dominant macroflora was·composed of the 
Bryophytes Riccia fluitans L., Hygroamblystegium fluvatile (Hedw.} 
L,oes~e var. ovatllm Grout., ar,d Fissidens fontanus :{B. Pyl.} Steud. 
(formerly f. julianus}. These species were in evidence. throughout the · 
eroc;led limestone and granite outcroppings and frequently formec:t dense 
mats on the nat1.,1ral dam-like scarps. Species of Spirogyra and the. 
Desrni ds, Cl osteri um l anceolatum Kuetz ··~ Pleurotaeni um maximum (Reinsch} 
Lund., Euastrum verrucosum·E~r. and Cosmarium granatum Breb. becorne 
ent.angled wi.thin these bryophyte cl.umps and may be collected by squeez-
irig the samples i.nto a collecting .vial. Chlamydomonas §.P.., Volvox fil!·, 
and Scenedesmus .fil!.· may be collected by a similar method or by washing 
the bryophyte clumps .from the springs that flow continuously in the 
l irnestone .ar.ea. 
The genus Batrachospermum was collected several times from.small 
flowing c.old springs and on.ce from the stream channel below a low fans. 
These specimens were never fruiting whic~ made them impossible to 
identify to species. 
St,ation 2.is characterized by a level topography, eroded limes.tone 
and s1,1rfacing springs; The macroflora was cornposed of the Bryophyt;es. 
Hyqroamblystegium fluvatile (~edw.) Loeske var. ovatum Grout and 
Fissjdens fontanus.(B. Pyl.) Steud. formerly£. julianus. The algal 
species Chaetophora elegans (Roth} C .. A. Agardh, and Drapranaldia 
plumosa (Vauch~r) C. A. Agardh we~e collected in the springs of this 
! 
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Station 3 is located below the confluence of West Blue Creek. The 
stream bed is eroded _lime.stone with riffle areas and pools -below. 
Plankton samples colleci;ed from the pool areas generall.Y wol!lc:t yield 
some sp~cies of Ba_ci l1 ariophyceae and pseudopl ankton that was washing· 
downstream from some substrate above. The samples collected and scraped 
from the diatometers -were more satisfactory than those obt,11ined by other 
methods. 
Station 4 is. composed of a series of exposed granite scarps anc:t 
boulders tha~ are separated. by d~eper pools where sediment has been 
deposited. Spirogyra ellipsora Transeau, Pithopora oedogonic!- (Mont.) 
Wittrock, and an Oedogonium specfes t~at was not in reproc:tuctive stages 
of development were collected from these pools. 
Riffles and low falls are also characteristic of the exposed 
grani~e .. A falls.a}'.'ea:often will cover the entire width of the stream. 
Vaucheria orthocarpa Reinsch forms sman cushion-like mats on the under 
si,de of these falls .. However, the most striking member of the algal 
flora in thi.s area is Cladophora glomerata (L.) Kuetz. This species 
forms a vivic:t dark green plume that may sway freely back and forth in 
the switt water that courses below th.e falls. Rhizoclonium crassi·pel-
liturn West and West is abundant in th_ese riffle areas and frequently 
forms a wiry entwined mat that becomes the habitat of numerous aquatic 
insects and their ·larvae. 
Station 5 is also in a granite outcrop but here the stream bed is 
.composed of small,.er stones and sa11d. This ~tation also is a nat1,1ral 
' 
low water crossing and is. used by cattle to .gain access to the bottom 
land pastures that lie on the other side. During the-cour~e of-t~is 
study Hydrodi ct~ r,ie:tiqlgtyrn (L.) Lagerheim was col lecte@ from the . 
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downstream side of this crossing or1 numerous occasions. During the 
summers ,of 1965 and 1966 this species developed an enormo1,.1s bloom ar1d 
covered, the surface and exposed stream bed for approximately 100 yards. 
The appearance of this species ;s probably rela~ed to the reduction of 
st.ream flow in the late summer and the proximity to well-fertilized 
bottom land pastures. Domestic animals also used this area for watering 
purposes. The species has not been collected from any other station 
and has not been collec.ted since August of 1967. The. scouring action · 
produced from increased stream fl ow and cross fencing the pasture to 
eliminate d.omesti.c animals from this area may have influenced changes 
in the physical and chemical properties of this habitat. Members of the 
Myxophyceae, Oscillatoria limnosa (Roth) Agarth, Anabaena circinalis 
Rabenhorst, Lvngbva 1 ati.ss irna Prescott and Nostoc 1 inka (Roth) Barnet 
and Thurethave been coll.ected from pools formed in the late summers. 
$tation 6 is on the fringe of-the Paluxy sand and discharge de-
creases as a result.of seepage into the sand forrnation. · Not as many 
forms of attached. algae were collected from this station. 
Chara contraria Keutz. was collected· from sand .bars in this area. 
and several non-fruiting members of the Characeae were collected from 
statfons 5 and. 6. It was not possible to identify these specimens on 
purely vegetative struct.ures. 
The Blue River, a hard-water stream, occurs as a spring fed and 
surface drainage stream in-a region of soluable basic geologic forma-
tions. The headwaters are ri_ch in soluable bi.carbonates and exhibit a 
lush flora.of periphyton and bryophytes. Macroinvertebrates are 
abundan.t in these reaches. A combination of buffering systems involving 
carbon dioxide loss and bicarbonate shifts to carbonate serves to shift 
the pH va1ue towarcl the basic range of ~he sc;ale. The i_ncrease in pH 
value is accompanied by a marked rise in tot.al al~alinity and speci~s 
' . ' 
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cor:nposition becomes less diverse downstrear:n. The combination of high 
carbonate concentrations and alt.eri·ng carb<;m diqxid~ content of lime-
st,one streams .apparently constitutes a hig~ly favorable environment .for 
plants and animal.s. Re,i d ( 1961) contends hard-water streams support a 
variad and abundant. associat,on of organisms. Most unpolluted ~ajar 
streai:ns e,xl:tibit a pH value on the alkaline side of neutrality, -and t.end 
to\'lard uni.forr:nity Qf composition. 
Taxonomic. L i_st ... 
Tl:te genera and specie,s identified as members of·t~e aquatic flora 
of the upper Bl 1,1e River watershed are. presented in a taxonomic 1 i st~ 
The reference following each family i.s the authority used in determining 
the taia i.n that ~roup. Genera are designated in the taxonomic list 
where insuffi.cient evidence was present to determine the sp~cies. It 
is felt that a genera should be reported in order 1;:o provide a reference 
index for future research. 
CH~AM,YDOMONACEAE (Smith, 1950) 
Chamydomonas .§]. · 
VOLVOCACEAE (Smith, 1950) 
Eudorina elegans .Ehr. 
Volvox ~-
CHLOROPHYTA 
TETRASPORACEAE (Prescott, 1962) 
Tetraspora cylindrica (Wahl.) C. A. Agardh 
CHAETOPHORACEAE (Prescott, 1962) 
Chaetophora elegans (Roth) C. A. Agardh 
Drapranaldia plumosa (Vaucher) C. A. Agardh 
OEDOGONIACEAE (Taft, 1935) 
Oedogonium ~· 
CLADOPHORACEAE (Prescott; 1962) 
Cladophora glomerata (L) Kuetzing 
Pithopora oedogonia (Mont~) Wittrock 
Rhizoclonium crassipellitum Wes~ and West 
HYDRODICTYACEAE (Prescott, 1962) 
Hydrodictyon reticulatum (L) Lagerheim 
SC~NEDESMACEAE (Prescott, 1962) 
Scenedesmus ~· 
ZYGNEMATACEAE (Transeau, 1951) 
Spirogyra crassa Kutzing 
Spirogyra ellipsora Transeau 
DESMIDIACEAE (Taft; 1931, 1934, 1937) 
Closterium lanceolatum Kuetz. 
Pleurotaenium maximum (Reinsch) Lund. 
Euastrum verrucosum Ehr. 
Cosmarium granatum Breb. 
CHAR~CEAE (Ophel, 1952) 
Chara contraria Kuetz. 
CERATIACEAE (~rescott, 1962) 
PYRROPHYTA 
Ceratium hi run di nell a (Muell,) Duj.ardi.n 
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CHRYSO~HYTA 
VAUCHER~ACEAE ( Prescqtt, 1962) 
Vaucherta orthocarpa Reinsch 
BACIL:LAROPHYCEAE (Patrick and Reimer, 1966) 
.. \ -. ' . . . 
Diplonese smithii \far. pumila (Grun.) Hust. 
Diatoma.vulgare var. brevis Grun. 
Synedra ulna (Nitzc~e) Ehr. 
Synedra pulchella var. pulchella (Ralfs) Kue~z. 
Gomphonema olivaceum (Lyngb.) Kuetz. 
Epithemia turgida Ehr. 
Epithemia sorex Kuetz. 
Cymbella cistula (Hempr.) Ki,rchn. 
C,ymbel la affinis Kuetz. · 
Navicula canalis var. Canalis Patr~ 
Navicula peregrima (Ehr.) Kutz. 
Navicula cryptocephala Kutz. 
Cyrnatopleura solea (B.reb.)·Wm. Smith 
Surirella ovalis Breb. 
Surirella stri.atula Trupin 
Gomphonema constrictum E~r. 
Fragularia brevistrata Grun. 
Gyrosigma kutzingii Grun. 
Me 1 as i ra fil1.. 
Eunotia pectinalis Kuetz. 
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EUGLENOPHYTA 
EUGLENQPHYCEAE (Prescott, 1962) 
Euglena ~· 
CYAN.OPHXT A 
MYXOPHYCEAE (Prescqtt ~ 1962) 
Oscillatoria limnosa (Roth) Agardh 
Nostoc lineka (Roth) Barnet and Thure~ 
Anabaena circinalis -Rabenhorst -
Lyngbya latissima Prescott -
RHODOPHYCEAE -(Prescott, 1962) 
Batrachospermum fil:!..· 
RHOQOPHYTA 
~RYOPHYTA 
FISSIDEN.TACEAE (Grout., 1928-1940) 
Fissidens fontanus (B. Pyl.) Steud. (formerly.£_. julianus) 
HYPNACEAE (Grou"t;o, 1928-1940, Crum, 1965) 
Hygroamblystegium fluvatile (Hedw.) Loeske var. ovatum Grout 
R,IcciACEAE (Conard, 1956) 
Riccia fluitans L. 
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CHAPTER V 
SUMMARY 
1. The objecti '(es of ·the study were a ~axonomi c survey of the non-
vascul ar flora; to investigate the physico-chemical conditions .affecting 
the ecology and distri.bution of the non-vascular aquat.i cs and -to note 
any relationships between the d.istribution of species ·and the habitats 
in which they were collected. The Upper ijlue River, a central Oklahoma 
clear w~ter stream, was studied from late summer. 1965 to the fall of 
1973. 
2. Six study areas were established. among geological formations of 
limestone, granite and sand. 
3 •. Bimonthly samples we.r~ collected from each study area until the 
summer of 1969. Sampling was initi.ated. again in June of 1972 and ter-
minated in Septemb,er of 1973. 
4. Artificial substra.ta were used to sample the periphyton GOmmun-
ity. Diatometers with exposed l x 3 inch glass slides were attached to 
sunken concrete blocks at each station. Slides were removed at bimonthly 
interyals and processed for microscopic ex~mination. 
5, Tempe,ratures were influenced by springs .in the headwater:-s where 
high.er temperatures were recorded in the winter and lower temperatures 
in the summer. The recorded range of.temperatures .was narrow within 
eqch sampling area but varied from.7°C in February to a maxim1.,1m of 3l°C 
in July within the 116 ~ilometers of the study site. Differences in 
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turbidity range among the stations were more varied cis one progressed 
downstream during the summer. Turbidity remained relatively stable 
during the wi,nter. Specific conductance decrease,d downstream as a re-
sult of bicarbonate conversion to carbonate. 
6. The pH ranges among the sampling stations were consistently 
alkaline., A lower range of pH, 7.4-7.9, was recorded for station 
where numerous springs flow .from limestone outcropping. A higher pH 
range of 8.3-8.6 was recorded downstream at station 6 which exhibits an 
intermittent stream flow in a sandy outcropping,· Bicarbonate alkalinity 
decreases and carbonate alkaltnity increases downstream. - A combination 
of .. buffering systems involving carbon dioxide loss and bicarbonate 
shifts to carbonat.e serves t,o change the pH values toward a more alka-
line range in the lowe.r reaches. 
7. Forty-seven taxa of algae and three taxa of bryophytes were 
identified from the Upper Blue River. Diatoms dominated the flora at 
all stations. Diplonese smithii var~ pumila (Grun.) Hust. was collected 
from all sampling stations and appears as a dominant i.n samples through-
out the study period. Dense mats of ~he bryophytes, Ricci a fluitans L., 
Hygroamblystegium fluvatile (Hedw.) Loeske var. ovatum Grout. and 
Fi.ssi den.s fontanus (B. Pyl.) Steud. ( formerly f_. Juli anus) were abundant 
in the riffle and falls areas of stations 1, 2 and 3. Perhaps these 
bryophyte populations are capable of direct use of bi carbonate i.ons and 
act to influence chemical shifts which in part are responsible for an 
increased carbonate alkalinity downstream. 
A SELECTED BIBLIOGRAPHY, 
American Public Health Association. 1960. 
exarnination of water and waste water. 
1-\ealth Assoc. New York. 626 p. 
Standard methods for the 
11th ed.. Amer. Pub 1 i c 
Blum, J. L. 1956. The ecology of river algae. Bot. Rev. 22:291-340. 
Bruner, W. E. 19 31 ... The yegetati on of Ok 1 ahoma. . Eco. Monogr. 1 : 99-
188. 
Ca.stenholtz, R. W. 1961. An evaluation of a submerged glass ·method of 
estimating pr6duction of attached algae. Verh. Internat. Verein. 
Limnol. 14:.155-159. 
Cooper, J. M. 1962. Some algae of Lake. Carl Blackwell, Oklahoma, 
exclusive of diatorns. · Mast.er 1 s thesis. Okla. State Univ. 26 p. 
Cooper, M. c. 1972. Spatial and temporal variation in productivity, 
species dive}'.'sity, · and pigment c!iversi.ty of periptwton in a stream 
}'.'eceivi.ng domestic and oil refinery effluents.· Ph.D. thesi.s. · 
Okla. ~tate Univ. 54 p. 
Crum, H., W. c. Steere, and L .. E. Anderson.· 1956. A list of the 
mosses of North America. Bryologist. 68:377-432. 
Duffer, W.R., and Troy C. Dorris. 
southern Great Plains stream. 
151. 
1966. Primary productivity i.n a. 
L imnol. Oceanog., 11, No. 2, 143-
Forest, H. S. 1954. Hanqbook of algae.· University of Tennessee Press. 
Knox vi 11 e. 
FWPCA. 1966. A guid,e to the common diatoms at water pollution surveil-
lance system stations. U. S. Dept. of Interior., Cincinnati, Ohio. 
Grout, A. J. 1903. Mosses with a handlens and micToscope. · A. J. Grout 
Pub., New York City. 
&rout, A. J. · 1928-1940. Moss flora of North America, north of Mexico. 
3 vols. A. J. Grout Pub., New York City. 
HEW, 1959. Algae n water supplies. Robert A. Taft Sanitary Engineer-
ing Center, C ncinnati, Ohio~ 
31 
32 
HE,W, 1961. Planktc:>n population dynamics.· Dept,. Health, -Educati<:>n ang 
Welfare., Nati.anal Water Quality Network. Suppleme.nts, Washington, 
D.C. 
l-lohn, M~ 1-1. 1956. The diatometer - a continuous record method for. 
indicating water quality. Presentec:I at Stream -Pollution and Waste 
Disposal Conference. Wichita, Kansas. Pub. West.ern Petroleum 
Refiners Association. 9 P~ 
Hohn, M. H. and 4. Hellerman. 1963. The taxonomy and structure of 
diatom populations -from three eastern. North Ame,rican rivers using 
thre.e sampling rnethods.- Tra.ns. Amer. Mi.era. Coe.· 82:250-:i29. 
Hornuff, ~. E.. l 957. A survey of four Oklahoma streams ·wi. th refe,rence 
to production. Oklahoma Fish Res. ~ab. Rept. No. 62. 22 ·P· 
Horton, R. E. 1945. Erosional development. of streams and their drain-. 
age basins. Geol. Amer. 81..(lL 56:275-370 .. 
Hutchi.nso.n; G. E.. 1957. A treati~- on limnology. Vol. I.· Geography, 
physics, and chemistry. Wiley, New York. 1015 p. 
Hynes, H.B. -N. The ecology.of running waters. Univ. of Toronto Press. 
Toronto .. 555 p. 
Kevern, N. R., ~- I,.. W.ilhm, and G. M. Van Dyne. 1966. Us~ of .artifi.-
ci.al substrata to estimate· the productivity of periphyton. L imn.ol ~ 
and .Oceanog. l l: 499-502. 
L.eake, D. V. 1939. · Prelirninary notes ·on the product,ion of motile cells. 
in Basi.cl adi a crass a Hoffman a.nd Tilden. · Proc. Okl ahqma Ac;ad. ~c1 ~ 
l 9 : 109- l 10 . 
Leake, D. V. · 1945. The algae of Crystal Lake; Glev~land County, 
Oklahoma •. Amer. Midlanc:I Nat.· 34:750-768. · · 
Maloney; M, (Sister) 1944. Seasonal algal flora on the campus of 
tatholic College, Guthrie, Qklahorna. Proc. Okla. Acad. ~ci. 
24:42-48. 
Minckley, W. ~- 1963. The ecqlogy of a sprin.g stream, Doe Run, Meade 
County, Kentucky. Wi,ldl. Monogr. ~o. 11. Louisville, Kentucky. 
124 p. 
Miser; H. D. 1954. Geologic map of Oklahoma. U.S. Geol. ·Surv. 
Qpnel, I. I,.~ 1952. The genus Chara in Oklahoma. Proc. Okla. Acad. · 
Sci. 33:179-183. . 
Patrick; R. 1948. Factors .affecting the distribution of diatoms.· The 
· Botanical Review. 14(8):473-524. 
33 
Patrick, R. and C. W. Reimer. 1966. The diatoms of the United States. 
~al. I., Academy of Natural Sc;iences, Philadelphia, Pen11. 
Prescott, G. W. 1954. How to know the fresh-water a1gae. Wm .• C. 
Brown Company, Dubuque, Iowa. 
Prescott, G .• w. 1962. Algae of the western Gre1:1:t; Lakes area. Wm. C. 
Brown Company, Dubuque, Iowa. 
Reid, G. K. 1961. Ecology of inland waters and es~uaries. Reinhold, 
New York City. 375 p. 
Round, R.. E. 1964. The ecology of be.nthic algae. In D. F. Jackson 
(ed.), Algae and Man. Plenum Press. New York City. 
Smith, G. M. 1950. The fresh-water algae of the United States. 2nci 
ed. McGraw Hill, New York City. 
Smith, G. M. 1951. Manual of phycology. Chronic~ B,otanica Company. 
Waltham, Mass. 
Taft, C. E. 1931. Desmids-of Oklahoma. Publs. Univ. of Okla. B,iol. · 
Surv. 3(3):277-321. · 
Taft, C. E. 1934. - Desmids of Oklahoma II. Trans. Amer. Micros. Soc. 
53( 2) : 95-321. 
Taft, C. E. - 1935. The O~dogor:iiaceae of Oklahoma including new species 
and varieties. Bull. Torr. Bot. Club. 64:281-290. 
Taft, C. E •. 1937. Desmids of Oklahoma III.· Trans. Amer. Micros. Soc. 
56(4):397-404. 
Taft, c. E. 19378~ A new species of Vaucheria. Bull. Torr. Bot. Club. 
64:557. 
Ta.ftt C. E. 1940. A~ditions to the algae of Oklahoma. Proc. Okla. 
Acc1d. Sci. 20:49-54. · 
Taft, C. ~- 1949. New, rare, or otherwi.se interesting algae. Trans. 
Amer.-Micros. Soc .. 68(3):208-216. 
Tiffany, L. H. 1937. The Oedogoniales in North Arnerica. - Nort_h Amer. 
Flora. 11:1-102. 
Transeau, E. N. et al. 1934. New species of Zygnemataceae. Trans. 
Amer. Micros. Soc.· 53(3):208-230. 
Transeau, E. N. 1951. The Zygnemataceae. Ohio State Univo Press. 
Columbus. 
Vinyard, Wm. C. 1955. Epi_zoophytic algae from mollusk,s, .turtles and 
fish in Oklahoma. Proc. Okla. Acad. Sci~ 34:63-65. 
34 
Vinyard, Wm. c. 1958. · The algae of Oklahoma (ex.elusive of diatoms}. 
Unpublished Ph.D. dissertation. Michigan State University. 
Weber, C. I. 1966. Methods of collecting and analysis ·Of plankton and 
periphyton samples in the water pollution survei 11 ance system. · 
Water Pollution SU.rvei.llance System Applications and Development 
Report No. 19, F.W.P.C.A. 22 p. . . 
Wetzel, R. G. 1969. Primary production rates ·f1om changes in biomass-
periphyton. In R .. A. Vollenweider (ed.}, A Manual on t,\ethods .for 
Measuring Primary Productiort in Atjuati c Envi ronrnents •. liandbook 
No. 12. · International Biological Programme. 7 Maryleborne·Road, 
London, N.W. 1. 213 p. 
WhHford, L.A. and G. J,. Schun:iacher. · 1963. Communities of algae in 
North Carolina streams and their seasonal relations. Hydrobiol. 
22:133-196. . . . 
Williams, L .. G. 1964. Possible relationships between plankton-d.iatoms 
species numbers and water-quality estimates. Ecol. 45:809-823. 
Thesi,s: 
~ 
VITA 
Elmer Ray Brown 
Can.di date fqr the Degree of · 
Doctor of Education 
A TAXON,OMJC SURVE'( OF THE N,ON,-VAS.CULAR FLQRA OF THE UPPER BLUE 
RIVE~ . . 
Major Fi_el.d: Higher Ed.ucation 
Biographical: 
Persor:ial Data.: Born in Talihina, Oklahoma, December 8, 1934, the 
son of Elmer and Ruth Brown. . . . 
Ed,ucation: Grad.uated from Talihina High School, Talihina, Oklahoma 
in May, 1953; received the ijachelor of Sci.ence degree .in 
Educ.at.ion from Southeastern State Co 11 ege, Durant, Ok 1 ahoma, 
with ,a major~i:ninor·in Natu.ral $cience ir:i May, 1957; received 
the Master of Science degree in Botany and Plant Pathology 
from Oklahoma .State, Universi.ty, Stillwater, Oklahoma in 
August, 1959. 
professional Experience: Graduate Teaching Assistant, Oklahoma. 
State Universtty, 1957-'59; .Assis~ant profe.ssor, Hardin-
Si.mmons Universi~y, Abilen.e, Texas, 1959-61; Assistant 
Prqfessor, East Central State ~allege, Ada, Oklahoma, 1961-
pres.ent. 
